I. INTRODUCTION
The utilization of radio frequency (RF) spectrum resources for satellite communication has developed towards shorter wavelengths due to the demand for higher data transmission capacity. At extremely high frequency (EHF, or millimeter wave, 30-300 GHz) bands, we expect to achieve gigabit per second rates for space-to-ground communication with a smaller payload and antenna relative to lower frequencies [1] . While the Q-band (33-50 GHz), which is the lowest frequency band in EHF, has started to provide some operational capabilities, the next higher frequency, V-band (40-75 GHz), and W-band (75-110 GHz) are also being considered for future satellite communication needs [2] . However, before we can move into the Wand V frequency bands, we must have a better understanding of the effects imparted by the atmospheric channel.
Among the well-known causes of attenuation and scattering in the atmosphere, rain is the dominant cause at W N-band. At these frequencies, the wavelength is comparable to the size of raindrops. Therefore, validation of rain attenuation and scattering models for WN-band is aprerequisite for any operation al system development. In this paper, we focus on validating the Mie theory for rain attenuation at 72 and 84 GHz [3] . We compare model predictions under various parameters such as complex index of refraction models and raindrop size distribution (i.e. , DSD) models to experimental data. The data is collected from our outdoor test range, which is referred to as the WN-band Terrestrial Link Experiment (WTLE).
THEORY
The Mie theory solves Maxwell's equations for the sc attering of electromagnetic plane waves by a spherical-shaped particle with spherical Bessel functions. Mie coefficients are obtained from the boundary conditions at the surface of the scattering particle, and the complex index of refraction of the particle. Using the Mie coefficients and the Poynting vector law, extinction and scattering cross sections are calculated from :
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where km is the wavenumber of an incident wave in the transmission medium, al and bl are l t h order Mie coefficients, and O" ext , O"sct, and O"abs are extinction, scattering, and absorption cross sections, respectively [4] . With the cross sections from the Mie theory, rain attenuation is obtained. The specific rain attenuation, A (dB/km), is calculated from : (4) where r (mm) is the radius of the raindrop, R (mm1hr) is the rain rate, 0" ex t (cm 2 ) is the extinction cross section, and n(r, R) (m -3 mm-1 ) is the DSD value at the corresponding rain rate and drop size, which can be chosen from the known models or from disdrometer measurements [5] . By using the extinction cross section, we include both scattering and absorption complex index effects from rain droplets.
EXPERIMENTAL SETUP
WTLE is a ground-based WN-band link experiment that was designed to study propagation effects and enable correlation to meteorological parameters and conditions. WTLE is located in Albuquerque, New Mexico, with the transmitter 10-cated at the top of Sandia Mountain. The transmitter transmits vertically and horizontally polarized unmodulated signals at 72 and 84 GHz. The companion receiver is located at the University ofNew Mexico's Configurable Space Microsystems Innovations and Applications Center (COSMIAC), which is near the Albuquerque International Sunport (i.e., airport) . This receiver continuously monitors the amplitude, phase and relative polarization of the transmitted signals. The total travel distance between the transmitter and the receiver is about 23.6 km, which includes about 1.7 km of elevation change.
A disdrometer is located at the receiver. The disdrometer measures the number of raindrops in 22 size classes and 20 velocity classes every minute. Fig. 1 shows DSD data from October 2015. WTLE started operation in mid-September 2015. It is expected to collect data until the end of 2017.
Raindrop Diameter Class From WTLE, we expect to gather data under various meteorological conditions due to the dynamic weather conditions in Albuquerque over all seasons, including summer monsoon season.
IV. PRELIMINARY RESULTS
We present the extinction cross section, a ext, from the Mie theory at 72 GHz with Segelstein's complex index of refraction values [6] as a function of the raindrop size in Fig. 2 . We plan to develop a comparison between DSD models and disdrometer measurements. Among DSD models that we plan to examine, we will find a model that represents the measurements best.
Lastly, we plan to compare the predicted total rain attenuation over the propagation path computed with (4) to measured attenuation data. Since the disdrometer is located at the receiver, the precise rain rate is only available at the receiver. Therefore, we plan to use the digital preclpttation rate data, which is obtained from the Next Generation Weather Radar (NEXRAD) system, provided by National Climatic Data Center (i.e. NCDC), to obtain the estimated rain rate over the propagation path. Fig. 3 illustrates such a measurement for the vertically polarized 72 GHz signalover a 24-hour period. Rain attenuation is estimated by subtracting the clear-day path attenuation. V. SUMMARY This paper presents the Mie theory for propagation loss resulting from atmosphere scattering and absorption for W N frequency bands. The theory will be validated using experiment data collected on a 23-km test and measurement range, which is instrumented with an unmodulated transmitter, a receiver, and several meteorology instruments. This research is crucial for understanding signal propagation phenomena and enabling the utilization of the W N-bands for satellite communication.
